Background-Despite interest in using electronic health record (EHR) data to assess quality of care, the accuracy of such data is largely unknown. We sought to develop and validate transient ischemic attack and minor ischemic stroke electronic quality measures (eQMs) using EHR data. Methods and Results-A random sample of patients with transient ischemic attack or minor ischemic stroke, cared for in Veterans Health Administration facilities (fiscal year 2011), was identified. We constructed 31 eQMs based on existing quality measures. Chart review was the criterion standard for validating the eQMs. To evaluate eQMs in terms of eligibility, we calculated the proportion of patients who were genuinely not eligible to receive a process (based on chart review) and who were correctly identified as not eligible by the EHR data (specificity). To assess eQMs about classification of whether patients received a process, we calculated the proportion of patients who actually received the process (based on chart review) and who were classified correctly by the EHR data as passing (sensitivity). Seven hundred sixty-three patients were included. About eligibility, specificity varied from 25% (brain imaging; carotid imaging) to 99% (anticoagulation quality). About pass rates, sensitivity varied from 30% (antihypertensive class) to 100% (coronary risk assessment; international normalized ratio measured). The 16 eQMs with ≥70% specificity in eligibility and ≥70% sensitivity in pass rates included coronary risk assessment, international normalized ratio measured, HbA1c measurement, speech language pathology consultation, anticoagulation for atrial fibrillation, discharge on statin, lipid management, neurology consultation, Holter, deep vein thrombosis prophylaxis, oral hypoglycemic intensification, cholesterol medication intensification, antihypertensive intensification, antihypertensive class, carotid stenosis intervention, and substance abuse referral for alcohol. Conclusions-It is feasible to construct valid eQMs for processes of transient ischemic attack and minor ischemic stroke care. Healthcare systems with EHRs should consider using electronic data to evaluate care for their patients with transient ischemic attack and to complement and expand quality measurement programs currently focused on patients with stroke. (Circ Cardiovasc Qual Outcomes. 2017;10:e003157.
T here has been a call for using electronic health record (EHR) data instead of manual chart review to assess condition-specific quality of care for both processes of care and outcomes. [1] [2] [3] [4] [5] [6] The Centers for Medicare and Medicaid Services (CMS) has proposed widespread adoption of electronic quality measures (eQMs) based on EHR data. 7 The articulated challenge for the next generation of clinical performance measures is to assess quality of care for an entire population longitudinally as opposed to conducting chart reviews on a sample of patients at single points in time. 4 
See Editorial by Adelman and Burke
The American Heart Association/American Stroke Association (AHA/ASA) has proposed a set of process measures for use in evaluating quality of care for patients with acute ischemic stroke and transient ischemic attack (TIA). 8 Similar measures have been supported by the Joint Commission (JC) and the National Quality Forum. 9, 10 The JC stroke measures are part of the CMS Hospital Inpatient Quality Reporting Program. 7 Yet, the evaluation of stroke care quality focused on processes of care has historically relied on chart review. Although some investigators have examined the challenges in constructing certain ischemic stroke quality measures from EHR data, 11 this study has not included all harmonized stroke quality measures or the processes of care that have been associated with improved outcomes for patients with TIA. [12] [13] [14] The Veterans Health Administration (VHA) currently tracks 3 self-reported hospital-based measures of ischemic stroke care quality and previously implemented measurement of the JC stroke metrics based on chart review data. 15 The VHA does not currently assess quality of care for patients with TIA. Although patients with TIA and minor ischemic stroke are at high risk of recurrent vascular events, evidence demonstrates that timely delivery of guideline concordant care dramatically reduces this risk. [16] [17] [18] [19] [20] By measuring care quality for all patients with TIA and minor ischemic stroke, providers can help ensure that patients receive the care they need to prevent recurrent vascular events.
We sought to develop and validate eQMs that could be assessed for patients with TIA and minor ischemic stroke using readily available EHR data and that could be used for the evaluation of care at the facility level. Specifically, we were interested in evaluating guideline-concordant care processes that could serve as targets for future quality improvement efforts.
Methods

Terminology: EHR Versus Chart Review Data
The VHA has a robust electronic medical record system which is known as the Computerized Patient Record System and which is based on the VistA (Veterans Health Information Systems and Technology Architecture) platform. Many data elements (eg, vital signs, laboratory information, and medication information) are available within existing VHA data sources that are not generally available in administrative data for other health systems. In this project, EHR data refer to data elements that are routinely available for patients in the VHA through existing VHA data sources, whereas chart review data refer to information that is collected by human abstracters reading medical records. Information that is stored in text fields (either free text or templated text) are not routinely available in existing VHA EHR databases and thus were not included in the development of these TIA or minor ischemic stroke eQMs.
Rationale for Focus on TIA and Minor Ischemic Stroke
The rationale for including both patients with TIA and those with minor ischemic stroke in this project was based on 4 elements: approximately one third of patients with transient neurological symptoms who would have been classified according to the traditional timebased definition of TIA have evidence of infarct on brain imaging and would therefore be classified as having a minor ischemic stroke according to the tissue-based definition of TIA 21 ; numerous studies have examined prognosis after TIA and minor ischemic stroke and found that both groups are at high and similar risk of recurrent vascular events 20, 22, 23 ; several intervention studies have included patients with both TIA and minor ischemic stroke 17, 24 ; and the AHA/ASA prevention guidelines provide similar recommendations for patients with TIA and minor ischemic stroke. 25 
Overall Design
We used International Classification of Diseases-Ninth Revision (ICD-9)-CM codes to identify patients with TIA or minor ischemic stroke who were cared for in any VHA Emergency Department (ED) or inpatient setting during fiscal year (FY) 2011 (see Cohort Construction section of this article). We then identified a random sample of patients from the 45 facilities with the highest patient volume
WHAT IS KNOWN
• Despite interest in using electronic health record instead of manual chart review to assess conditionspecific quality of care both for processes of care and for outcomes, the accuracy of using such data for the assessment of stroke and transient ischemic attack care are largely unknown.
• Previous studies have, in general, been less explicit about issues related to eligibility for a process and have focused primarily on agreement in whether the measure was passed.
WHAT THE STUDY ADDS
• To our knowledge, this is the first study to assess the feasibility of measuring quality of care for patients with transient ischemic attack or minor stroke using existing electronic health record data.
• A key methodological advance to the existing electronic quality measurement literature is the detailed examination of how electronic quality measures compared with the criterion chart review separately for issues related to eligibility for a given process and the pass rate for that process. 
Cohort Construction
Our goal was to identify all patients with TIA or minor ischemic stroke who were cared for in either the ED or inpatient setting. The cohort was constructed in 5 steps. First, we identified Veterans with TIA or ischemic stroke (minor or major) who were cared for in any VHA ED or inpatient setting during FY 2011 (October 2010 to September 2011) using the ICD-9 codes of 435.X, 433.X1, 434.00, 434.X1, and 436. 27 We used the diagnosis codes for the inpatient period for patients who were admitted and used ED diagnosis codes for patients cared for only in the ED. The earliest event date in FY 2011 was used as the index event.
Second, we classified patients with ischemic stroke as either major or minor. Because the EHR data for patients in FY 2011 did not include the NIHSS or other measure of stroke severity (in contrast to the medical records from which a retrospective NIHSS could be obtained), an approach to identifying patients with minor ischemic stroke was developed. 28 Briefly, the algorithm for the differentiation of patients with minor versus major ischemic stroke was developed using data from the VHA Office of Quality and Performance (OQP) Stroke Special Project, which included detailed chart review on 3965 patients with ischemic stroke who were hospitalized in any VHA medical center in FY 2007. 27 Nurse abstractors trained in the collection of the retrospective NIHSS conducted the chart reviews and documented the NIHSS on the basis of the admission neurological examination. 26 Minor stroke (defined as an NIHSS ≤2) was present in 1925 (48.5%) and major stroke was present in 2040 (51.5%) patients in this chart review cohort. EHR data were linked with the chart review data. Our study team iteratively developed 17 EHR data algorithms on the basis of a priori clinical judgment to identify patients with minor stroke. We calculated the sensitivity and specificity for each algorithm. The algorithm with the best performance had a sensitivity of 47.4%, specificity of 78.3%, and correctly classified ≈60% of patients as having a minor versus a major stroke. According to this algorithm, patients discharged with a diagnosis of stroke were classified as having major stroke if any of the following were present: the length of stay was ≥6 days, ventilator use, feeding tube use, coma, intensive care unit stay, received inpatient rehabilitation services, or receipt of thrombolysis on the day of presentation. Major stroke patients were excluded.
Third, we used the EHR data (based on the algorithm described above) to identify patients with TIA and minor stroke for chart review. Medical records were screened for 1624 patients, 822 were considered eligible for full chart abstraction (defined as a patient with a probable TIA or stroke, where the symptom onset was within 30 days of presentation and where the stroke was minor [NIHSS ≤2]). Among the 802 patients who were not eligible for full abstraction the reasons for exclusion (not mutually exclusive) included NIHSS >2 (n=429), not considered as a TIA or stroke by the admitting clinical team (n=336), other (n=30) (eg, acute care performed at non-VHA facility and being referred to the VHA facility for rehabilitation care only or for carotid stenosis procedure; recent completed evaluation of cerebrovascular symptoms in patient with likely alternative diagnosis for current symptoms such as dehydration or infection; or alternative explanation for neurological symptoms such as Dilantin toxicity, neuropathy, Bell's palsy, or metastatic cancer), and symptom onset earlier than 30 days before presentation (n=16).
Fourth, on the basis of the chart review information, we refined the EHR algorithm. We excluded the following: patients with an ICD-9 code 435.2 (subclavian steal syndrome) because none were found to have either a TIA or minor ischemic stroke index event; patients who only had a consultation by an emergency medicine provider but who were not actually cared for in the emergency department setting; non-Veteran patients (eg, family members or staff who had a TIA or minor stroke but who did not get their regular care from the VHA facility), patients cared for in an ED with a code for TIA or stroke but who were admitted within 1 day for a noncerebrovascular diagnosis (because on chart review nearly all of these patients actually had a noncerebrovascular problem and not a TIA or minor stroke), and patients where the death date was before the presentation date.
Finally, we identified a random sample of patients (n=763) from the 45 facilities with the highest patient volume and selected a 35% random sample with a minimum of 25 patients per site. These patients then received a full chart review and were included in this study.
Chart Review: Interobserver Reliability
To assess inter-rater reliability, our goal was to conduct double abstraction on a 10% random sample of records. Because we did not have an a priori sense of the proportion of charts that would be ineligible for inclusion in the chart review, we began by identifying 20% of records for double abstraction and then decreased that proportion after the first year of abstraction. Agreement between chart reviewers for categorical variables was measured by percent agreement and by the κ statistic, which is agreement adjusted for random chance; κ's were interpreted using Landis and Koch benchmarks. 29 The κ is influenced by prevalence, with reductions in κ observed when the prevalence is either very low or very high. 30 The latter situation is relevant to the current study given that we anticipated high pass rates for certain processes of care (eg, we expected that almost all patients would receive brain imaging); for this reason, we used both agreement and κ to quantify interobserver reliability. The strength of interobserver reliability in continuous variables was measured by the intraclass correlation coefficient (ICC), which describes the proportion of total variation in observations that is because of subject-to-subject variability in the true value. Higher levels of random error associated with the measurement process result in lower ICC values; 1-ICC is the proportion of total variation from different measurements of the same subject (ie, variation arising from different chart reviewers). An ICC of 1.0 indicates that there was no difference within a subject between chart reviewers.
eQM Development
Process measures were identified from several different sources including: AHA/ASA stroke guideline recommended elements of care for patients with TIA or ischemic stroke, 25 the 2014 Evidence-Based Guideline for the Management of High Blood Pressure in Adults, 31 measures currently being used in VHA quality assessment (eg, for primary care quality assessment), measures included in the JC Stroke Core Measure Set, 15 or measures that were part of the proposed AHA/ ASA quality metrics. 8, 32 EQMs were developed for 31 processes of care which spanned 15 domains of care (Table 1) : (1) brain imaging; (2) carotid artery imaging and timely carotid stenosis intervention; (3) cardiac monitoring with electrocardiography, telemetry, or Holter; (4) hypertension control, antihypertensive medication class, and antihypertensive medication intensification; (5) anticoagulation for atrial fibrillation or atrial flutter, international normalized ratio (INR) measured, and anticoagulation quality (INR between 2 and 3); (6) lipid measurement, prescription of lipid-lowering agents or statins at discharge, prescription of moderate or high potency statin at discharge, and lipid-lowering medication intensification; (7) diabetes mellitus management with HbA1c measurement and oral hypoglycemic medication intensification; (8) antithrombotics by day 2 and discharge; (9) deep vein thrombosis prophylaxis (with or without exclusion of patients who were ambulatory); (10) neurology consultation; (11) rehabilitation consultation; (12) speech language pathology consultation; (13) nicotine replacement therapy for smokers; (14) substance abuse treatment referral for alcohol abuse; and (15) coronary risk assessment. Appendix I in the Data Supplement includes definitions for each process of care. Process-measure algorithms were developed for use with VHA administrative data and were iteratively refined on the basis of comparisons with the chart review data (Appendix II in the Data Supplement provides an example algorithm for the carotid imaging process).
eQM Data Sources
A variety of data sources were used to construct the eQMs. VHA Austin inpatient and outpatient data files in the 5 years pre-event (FY 2005 (FY -2012 were used to identify past medical history, 33 healthcare utilization (eg, hospitalizations, office visits), and receipt of procedures (eg, brain imaging using Current Procedural Terminology, Healthcare Common Procedures Coding System, and ICD-9 procedure codes). Pharmacy Benefits Management data were used to identify medications. Corporate Data Warehouse data were used for vital signs (eg, blood pressure), laboratory data (eg, lipids, HbA1c), allergies, orders, and consults. Linked VA-CMS data were used to identify comorbidity and hospitalizations in non-VHA facilities. VA Fee-Basis Data were used to identify inpatient and outpatient utilization and medical history. The date of death was obtained from the VA Vital Status File. (Appendix II in the Data Supplement provides an example of the specific diagnosis and procedure codes that were used in eQM development).
eQM Validation
We assessed the validity of the eQMs by comparing the eQMs constructed from EHR data to the same QMs constructed from chart review data (criterion standard). The validity of the eQMs was tested first for eligibility (the denominators of the eQM) and then separately for the pass rate (the numerators of the eQM). The Figure displays the 2-by-2 tables that were used to conceptualize the validation analysis. *The AHA/ASA performance measure set for hospitalized patient with ischemic stroke included thrombolytic therapy, time to intravenous thrombolysis, stroke education, and National Institute of Health Stroke Scale assessment, which were not included in the current study because they are either less relevant for the TIA/minor ischemic stroke population or could not be reliably converted into an electronic quality measure.
†The AHA/ASA performance measure set includes tobacco use counseling which could not be reliably abstracted from electronic health record data; therefore we developed the alternative measure related to the prescription of nicotine replacement therapy for tobacco smokers. Electronic Quality Measures for TIA/Minor Ischemic Stroke
Eligibility Validation
Implementation of quality measures in practice requires both the inclusion of all eligible patients and the exclusion of patients who are not eligible. However, to be acceptable to clinicians who are subject to quality assessment, inclusion of patients who are not actually eligible for a given process must be avoided as clinicians are likely to reject measures wholesale if patients who were not eligible for a process, and who therefore appropriately did not receive a process are classified as a fail when they should have been classified as not eligible. Therefore, for the assessment of how well the EHR data performed in terms of classifying eligibility for each process of care, we calculated the proportion of patients who were genuinely not eligible to receive a process (based on chart review information) and who were correctly identified as being not eligible on the basis of the EHR data (specificity; Figure) .
Passing Validation
Implementation of quality metrics in practice requires avoiding the situation where a quality measure classifies a patient as a fail when the clinician actually provided care and therefore the patient should really be classified as a pass. Therefore, for the assessment of how well the EHR data performed in terms of classifying whether a patient received a process of care, we calculated the proportion of patients who actually received the process (on the basis of the chart review) and who were classified correctly by the EHR as passing the measure (sensitivity; Figure) . We conducted this assessment among the patients who were identified as being eligible for a process in both the EHR cohort and chart review cohort.
In addition to sensitivity and specificity, positive and negative predictive values were also calculated. ]. 35 The MCC describes agreement between 2 classification systems: in this case, between the electronic data and the chart review data. An MCC of 1 indicates perfect agreement, 0 indicates a random guess, and −1 indicates perfect disagreement. If an eQM had high sensitivity and high specificity, then the MCC would approach 1. If an eQM had high specificity and low sensitivity or high sensitivity and low specificity, then the MCC would be intermediate.
Facility-level pass rates were calculated as the number of patients who passed a measure divided by all of the patients treated at that facility who were eligible for a measure. Facility pass rates for each process of care were examined for facilities with at least 10 eligible patients (where eligibility was determined on the basis of chart review).
This project received human subjects approvals from the Institutional Review Board and VHA Research and Development Committees.
Results
Cohort Construction and Validation
A total of 763 patients were included in the cohort. The patient volume varied across the n=45 facilities from 54 patients to 218 patients with a mean volume of 98 patients.
All patients were considered as having a possible TIA or minor ischemic stroke at the time of presentation and therefore clinically eligible to receive care for patients with presumed TIA or minor ischemic stroke. Based on chart review data, they were classified as having a final diagnosis of: TIA (n=502; 65.8%), minor ischemic stroke (n=253; 33.2%), or as neither TIA nor minor ischemic stroke (n=8; 1.1%). There was agreement between the EHR data and the chart review in terms of overall diagnostic classification as either TIA or minor ischemic stroke versus not TIA or minor ischemic stroke in 755 of 763 cases (99.0%; Table 2 ).
The characteristics of the cohort are provided in Table 3 . Although the EHR data identified more comorbid conditions than the chart review, the Charlson comorbidity score was 1 point higher in the chart review cohort. The chart review data provided information about the clinical uncertainty inherent in making a TIA diagnosis, especially differences in the initial diagnosis (made in the ED or on admission) versus the final diagnosis (made at the end of the index presentation; Table 3 ). 
eQM Validation: Eligibility Assessment
For the 31 eQMs, the comparison of the EHR data and the criterion chart review data for eligibility for each process is provided in Table 4 . The eQMs are ranked by specificity (*). The eQMs with specificity <70% are identified by the label ELT70 (Table 4 ). The specificity of the eligibility for the eQMs varied from a low of 25.0% for brain imaging and carotid imaging to a high of 98.6% for anticoagulation quality.
eQM Validation: Pass Rate Assessment Table 5 provides the comparison of the EHR data and the criterion chart review data for the pass rates for the 31 eQMs that are ranked by sensitivity (*). Table 5 indicates which eQMs had a specificity <70% for eligibility (from Table 4 ) by the label ELT70; eQMs with <70% sensitivity for the *The NIHSS was recorded for patients with either TIA or minor ischemic stroke and was based on the first physical examination documented upon presentation. If a patient with stroke had an NIHSS of >2, they were excluded from the chart review. However, patients with TIA were not excluded on the basis of the NIHSS. ACC indicates accuracy (the sum of the true-positives and true-negatives over the sum of true-positives, false-positives, true-negatives, and false-negatives); DVT, deep vein thrombosis; EHR, electronic health record; ELT70, processes of care with a specificity of <70% for eligibility; INR, international normalized ratio; MCC, Matthew correlation coefficient; NPV, negative predictive value; and PPV, positive predictive value.
*The electronic quality measures are ranked by specificity. †There were 608 patients with valid blood pressure measurements; for all other processes n=763.
pass rate are identified by the label PLT70. The sensitivity of the pass rates varied from a low of 29.7% for the antihypertensive class among patients with hypertension within 90 days of the index event to a high of 100.0% for coronary risk assessment and for INR measured among patients with anticoagulation. The MCCs in Table 5 were generally higher for processes with high sensitivity in terms of the pass rate, but there were ACC indicates accuracy (the sum of the true-positives and true-negatives over the sum of true-positives, false-positives, true-negatives, and false-negatives); DVT, deep vein thrombosis; EHR, electronic health record; ELT70, processes of care with a specificity of <70% for eligibility (from Table 4 ); INR, international normalized ratio; MCC, Matthew correlation coefficient; NPV, negative predictive value; PLT70, processes of care with a sensitivity of <70% for passing; and PPV, positive predictive value.
*The electronic quality measures are ranked by sensitivity. †There were 608 patients with valid blood pressure measurements; for all other processes, n=763.
2 notable exceptions to that rule: brain imaging and carotid stenosis intervention. The brain imaging process had a relatively higher sensitivity of 96.2%, but the MCC was only 0.11 reflected the lower specificity of 22.2%. For 25 patients, the chart review indicated that the patients received brain imaging but the EHR data had no evidence of brain imaging (FN), and for 7 patients, brain imaging information was found in the EHR but not in the chart review (FP). The majority of FN were for patients where brain imaging had been performed at a community (non-VHA) hospital and where the results were documented in the medical record but for whom no VHA brain image was performed and therefore no brain imaging code was found in the EHR data. In contrast, the carotid stenosis intervention had a lower sensitivity of 75.0%, but the MCC was 0.83 and the specificity was 100.0%. These results reflected the very small sample size for this measure.
Overall eQM Validation
There were 16 eQMs with ≥70% specificity in eligibility and ≥70% sensitivity in pass rates including coronary risk assessment, INR measured, HbA1c measurement, speech language pathology consultation, anticoagulation for atrial fibrillation, discharge on statin, lipid management, neurology consultation, Holter, deep vein thrombosis prophylaxis, oral hypoglycemic intensification, cholesterol medication intensification, antihypertensive medication intensification, antihypertensive class among hypertensive patients at discharge, carotid stenosis intervention, and substance abuse referral for alcohol. Conversely, the 15 eQMs with <70% specificity for eligibility or sensitivity for the pass rate included lipid measurement, hypertension control, brain imaging, antithrombotics by day 2 or at discharge, carotid artery imaging, high or moderate potency statin at discharge, rehabilitation consultation, deep vein thrombosis prophylaxis excluding ambulatory patients, antihypertensive medication class at discharge, electrocardiography, telemetry, nicotine replacement therapy, anticoagulation quality, and antihypertensive class among hypertensive patients within 90 days.
Facility-Level Pass Rates
The mean pass rates at the facility level (for facilities with at least 10 eligible patients) varied across the eQMs from a low of 3.6% for Holter use to high of 94.8% for INR measured among patients on anticoagulation (Table 6 ). Variation in performance across sites was demonstrated by higher values for the interquartile range; for example, the median facility pass rate for neurology consultation for facilities with at least 10 eligible patients was 82.4% and interquartile range of 20.9% (Table 6) .
Discussion
This study assessed the feasibility of measuring quality of care for patients with TIA or minor ischemic stroke using existing EHR data. A key methodological advance to the existing electronic quality measurement literature is the detailed examination of how eQMs compare with the criterion chart review separately for issues related to eligibility for a given process and the pass rate for that process. Prior studies have, in general, been less explicit about issues related to eligibility for a process and have focused primarily on agreement in whether the measure was passed. 12, 13 Dr Linda Williams' group conducted a key-related study in this field, developing 5 eQMs for patients with ischemic stroke: deep vein thrombosis prophylaxis, antithrombotics by hospital day 2 and at discharge, rehabilitation assessment, and documentation of the NIHSS. 11 Similar to the approach used in the current study, they compared results of queries based on the EHR with chart review for patients from 11 VHA hospitals. The current project differs from this previous study gives our focus on TIA (rather than stroke), the inclusion of all acute care VHA facilities (rather than 11 hospitals participating in a quality improvement project), and the evaluation of a broad array of processes of care. The current project is similar to this previous study in the main finding that individual processes of care vary in terms of agreement with the EHR. The 2 studies had very similar findings for antithrombotics both at hospital day 2 and discharge with high denominator sensitivities but with low specificities.
11
Because no accepted standard exists for the evaluation of eQMs, organizations that seek to implement eQMs will be faced with competing priorities on the choice of which eQMs to use. At a minimum, the choice involves 3 key domains: the clinical importance of a process of care, the availability of existing electronic data, and the performance characteristics of the eQM compared with a criterion or gold standard (in this case, chart review).
For this study, we examined 31 eQMs across 15 domains of care. We cannot rank the clinical importance of those domains given the heterogeneity in the evidence that links diagnostic and therapeutic processes with outcomes for patients with cerebrovascular disease. 25 For example, we cannot answer the question: Which is more important, anticoagulation for atrial fibrillation or carotid artery imaging? Organizations that seek to implement eQMs need to consider the relative importance of a given process when evaluating the eQM validity data. Very reasonably, these organizations may opt to include eQMs on the basis of the clinical importance of the process rather than its performance characteristics when compared with chart review. For example, carotid stenosis management is a Class I; Level of Evidence A from the AHA/ASA secondary prevention guidelines; therefore, carotid imaging is a key process of TIA care. 25 The eQM for carotid imaging had relatively high sensitivity for pass rate (94%) but low sensitivity for eligibility (25%). Organizations seeking to implement this clinically important eQM should carefully examine denominator exclusions: for example, although excluding patients who leave against medical advice (AMA) is clinically reasonable, the lack of AMA discharge data from the ED setting caused irreconcilable differences between the chart review data and the EHR data in our cohort. A final consideration related to clinical importance of an eQM involves the sample size of the eligible patient population at the facility level.
About data quality, EHR systems are likely to have unique challenges relevant to both eligibility and pass rates. In general, processes with eligibility criteria that were based on items that are routinely found in administrative databases (eg, diagnosis codes, procedure codes, or discharge disposition) had strong performance (eg, carotid stenosis intervention). Electronic Quality Measures for TIA/Minor Ischemic Stroke Similarly, processes with pass rates based on procedures or laboratory tests had strong performance (eg, HbA1c measurement). In some cases, we found the results of laboratory tests in the EHR data that were not present in the chart review (eg, FP for HbA1c, lipid measurement). As described by other authors, it may be that the electronic data are more accurate than chart review in these situations. 12 Generally, for processes that relied on orders (eg, telemetry), if we identified the order in the EHR, then it was nearly always also present in the chart review data. In contrast, processes with tight time constraints DVT indicates deep vein thrombosis; ELT70, processes of care with a specificity of <70% for eligibility; INR, international normalized ratio; and PLT70, processes of care with a sensitivity of <70% for passing.
*Chart review was conducted at 45 facilities. There were n=59 facilities for some measures because for the postdischarge measures, quality of care was attributed to the facility that provided primary care to the patient, which may or may not have been the same facility that provided care for the index event.
†The electronic quality measures are ranked according to the mean facility pass rate. Electronic Quality Measures for TIA/Minor Ischemic Stroke for eligibility had lower performance (eg, lipid measurement with exclusions within 2 days of index event presentation). For some processes, differences between the EHR data and the chart review data are unlikely to be easily rectified, whereas with other processes, disagreement may indicate gaps in EHR data that could be addressed with modifications to current systems. For example, for some processes (eg, anticoagulation for atrial fibrillation), patient refusal can be a source of disagreement between the EHR and the medical record; in such a case, it may be possible to create elements in the EHR to identify patient preferences. 5 We determined in advance that the key consideration when evaluating eligibility would be the proportion of patients who were genuinely not eligible to receive a process and who were correctly identified as being not eligible on the basis of the EHR data (specificity) because implementation of quality metrics in practice requires avoiding the inclusion of patients who are not eligible for a given process. We also determined in advance that the proportion of patients who actually received the process and who were classified correctly by the EHR as passing the measure (sensitivity) would be the key consideration when evaluating passing validity because implementation of quality metrics in practice requires minimizing the classification of patients as fails when they actually received a process. The data provided in Tables 4 and 5 demonstrate that other choices could be made to rank eQMs (eg, MCC or accuracy) that would produce a different set of measures identified as best or even acceptable. These tables illustrate how agreement alone is inadequate as a measure of eQM performance, and we recommend that future studies of eQMs report results using a variety of test characteristics.
The 16 eQMs with ≥70% specificity in eligibility and ≥70% sensitivity in pass rates encompassed different domains of care: medication therapy (eg, anticoagulation for atrial fibrillation), laboratory testing (eg, HbA1c measurement), consultation (eg, speech language pathology), diagnostic procedures (eg, Holter monitoring), and therapeutic procedures (eg, carotid stenosis intervention). They also spanned the continuum of care from the early postevent period (eg, neurology consultation) to discharge (eg, discharge on statin) to the postdischarge period (eg, INR measured). The evidence from 1 VHA-based study that quality of care in one part of the care continuum (eg, processes provided in the ED) was unrelated to care in other parts of the continuum (eg, processes provided at discharge or by primary care) within a given facility underscores the need to develop quality metrics that describe key components of care across the entire continuum of care. 36 Several national organizations have called for the measurement of processes of care for patients with acute stroke and TIA. 8, 10, 15, 37 The increased interest in using electronic data instead of chart review for the measurement of quality stems from a general emphasis on Meaningful Use, the emergence of commercial EHR systems, the need to reduce the considerable costs involved in detailed chart review, and the implementation of the CMS electronic Clinical Quality Measures program. 3, 4 The CMS electronic Clinical Quality Measures validation pilot identified a variety of challenges for eQM implementation including the need for hospital EHR systems to include needed data as searchable data elements (rather than free text) and standardization of key data elements. 7 A few studies have evaluated the validity of using EHR data for the assessment of quality and have found that EHR data perform well in comparison with chart review, but none of these have focused on processes of care within TIA populations. 12, 13, 38 There has been considerable interest in measuring quality of care for patients with stroke both within and outside of the VHA. 7, 9, 28 There seem to be fewer organizations; however, actively monitoring quality of care for patients with TIA 39 despite the evidence that providing timely, guideline-concordant care substantially reduces the risk of recurrent vascular events. [16] [17] [18] [19] National organizations such as the AHA/ASA, JC, NQF, and CMS may wish to consider implementing quality measurement programs that focus specifically on patients with TIA. One consideration related to the implementation of TIA performance measurement is the diagnostic uncertainty inherent in the TIA diagnosis and the related issues of validity with TIA coding. In the current study, the primary discrepancy between EHR data and chart review was related to the identification of patients with minor (versus major) stroke. The NIHSS >2 exclusion was present in 429 of 1624 patients (26.4%) in the EHR sample. The next most common reason for exclusion was that the patient was not considered as a stroke or TIA by the admitting team that was present in 336 of 1624 patients (20.7%) who were included in the EHR sample. The question of how inclusion of such patients in a quality reporting system might influence the feasibility or usefulness differs for these 2 exclusions. In the case of potentially including patients with major stroke in a measurement system that is targeting TIA and minor stroke, it is likely that the application of the eQMs to patients with major stroke would not compromise acceptance of the measurement system because patients with major stroke are generally eligible for all of the processes that are recommended for patients with TIA and minor stroke. In contrast, including patients who are not considered to have a stroke or TIA as the primary presenting clinical problem would be problematic for clinical acceptance. Healthcare systems must assess the relative value of conducting quality measurement among a high-risk group of patients with the existing limitations in coding.
For most quality assessment programs, patients are identified on the basis of discharge diagnosis. This approach has strong face validity and is mostly likely to include eligible patients. However, for conditions where there is both some diagnostic uncertainty early and a need for timeliness in care, it may be appropriate to consider applying the quality measurement to the presenting complaint. In the case of TIA, certain processes of care are relevant to making a correct diagnosis (eg, brain imaging). 21 Future research in this field should address issues related to implementation of performance measurement for patients with TIA and minor stroke. Specifically, future research should evaluate clinicians perspectives on the benefits versus harms of measurement in a clinical domain where the relatively high risk of adverse events can be substantially reduced by timely interventions but the condition has an inherent diagnostic uncertainty that makes identification of patients difficult. It may be that clinicians would welcome timely and actionable data about their patients-which would be feasible Electronic Quality Measures for TIA/Minor Ischemic Stroke using eQMs in healthcare systems with EHRs-as long as the eQMs are used for clinical care or local quality improvement and not for high-stakes report cards or profiling.
Strengths and Limitations
The strengths of this research include its examination of a large set of performance measures that included a broad array of clinical domains and its rigor in validating via chart review. For example, the validation of the brain imaging and carotid artery imaging processes may have value for the assessment of quality for patients with major ischemic stroke. An additional strength of the study is its focus on VHA data and VHA facilities, as the VHA comprises the largest integrated healthcare system in the United States. The VHA began implementing electronic quality measurement-mostly in primary care-in FY 2015.
The focus on the VHA, however, may also represent a study limitation in that eQMs feasible for construction within the robust VHA EHR system may be less feasible or valid within healthcare systems where administrative (claims) data do not include pharmacy, laboratory, and consultation data and where Medicare data may not be routinely available. Increasingly, however, the results may be generalizable to healthcare systems using certified commercial EHR systems that do include vital sign, pharmacy, laboratory, and orders data.
The algorithms that were validated in this study were based on ICD-9 codes and translation to ICD-10 will be required for implementation in the current routine practice.
Although a strength of the current project is the inclusion of a variety of processes of care, some of those processes may be more relevant to patients with stroke than patients with TIA. For example, patients with transient neurological symptoms are unlikely to require rehabilitation assessment. A limitation of EHR data are that it cannot be used to identify patients with versus those without residual neurological symptoms. Future studies should evaluate the degree to which eQMs for TIA and minor stroke are associated with postevent patient outcomes.
After the approach used by the JC, we evaluated (Table 5 ) and reported ( Table 6 ) the proportion of eligible patients who receive processes of care, 9 rather than constructing riskadjusted models.
We assessed the performance of the eQMs in the entire population; future studies should evaluate the degree to which validity in eligibility and pass rate varies across facilities.
Finally, we conceptualized this project as a comparison of eQMs against a criterion standard of chart review. We made this choice because the existing standard approach for quality measurement by the JC and other national organizations that monitor quality of care is based on chart review. 9, 39, 40 The consequence of this conceptualization is that if an eQM disagreed with chart review, we considered it to have poor validity. However, for some data fields (eg, laboratory tests), it may be that the electronic data were more accurate than the chart review data 12, 13 ; if so, then we may have underestimated the true validity of the eQMs.
Conclusions
These results demonstrate that it is feasible to construct valid eQMs for key processes of acute TIA and minor ischemic stroke care. Healthcare systems with EHRs should consider routinely using electronic data to evaluate care for their patients with TIA and to complement and expand quality measurement programs currently focused on patients with stroke. The eQMs that were validated in this project are being deployed as part of a quality improvement project in the VHA system.
